Abstract. R{N classi cation of 187 faint carbon stars is based on the classical criteria adjusted to the yellow-red spectral region, with two new criteria added { the ratios of the red CN bands 6206/6332 ( A) and 6478/6631 ( A).
INTRODUCTION
The spectral classi cation of carbon stars given in the HD catalog uses four R (R0, R3, R5 and R8) and three N (Na, Nb and Nc) subclasses. Later on, Shane (1928) has introduced more spectral subclasses, especially for N-type stars. His classi cation was based on the intensity of C 2 , CN and opacity in the blue. Keenan and Morgan (1941) proposed a two-dimensional C classi cation scheme joining R and N stars into one sequence of di erent temperatures and adding the indices characterizing intensity of C 2 bands. This classi cation scheme was further developed by Yamashita (1972) , who has classi ed the brightest carbon stars in the northern hemisphere from spectra of medium resolution.
Every classi cation scheme has some advantages and weaknesses. None of them gives a good temperature sequence. There are many discussions in this connection, and we are not ready to continue them. Hereafter we will use a one-dimensional scheme which seems to bemore attractive because it allows one to divide carbon stars into R and N classes, two evolutionary di erent groups.
OBSERVATIONS
The spectra of faint carbon stars in Auriga, Cassiopeia, Cygnus, Gemini, Orion and Perseus were obtained with the 2.6 m telescope of the Byurakan Observatory (Armenia) in 1989{1991. The wavelength range was 4000{6800 A and the resolution was 4 A. Parallel observations of standard stars taken from the spectrophotometric catalogue by Kharitonov et al. (1988) were made with the same telescope and equipment. The reductions of the spectra were done on a PDS machine of the Byurakan Observatory.
The relative energy distribution is obtained as follows: (z s ) are the relative monochromatic uxes outside of the Earth atmosphere for the program stars (without superscript) and the standard stars (with superscript s), and the same observed at the zenith distance z and z s M (z) and M (z s ) are the air masses at the observing time of the program and the standard stars P /P o are the average normalized coe cients of transparency at Byurakan (Mirzoyan 1951 , Arakelyan 1957 . All uxes are normalized to the ux at 0 = 5556 A.
The average accuracy of uxes in the blue region 4000 < < 4500 A is 10%, 13% and 21% for stars of magnitudes V < 10 mag, 10 < V < 11 mag and 11 < V < 12 mag, respectively. The average accuracy of uxes in the yellow-red region is 7%, 8% and 10% for the same magnitudes, respectively. The accuracy estimates are obtained from repeated observations of stellar spectra during the same night for Mira-and SR-type variable stars and in di erent n i g h ts for constant or Lb-type variable stars. Shane (1928) has improved the Harvard one-dimensional classication scheme of carbon stars and produced criteria based on the intensities of the CN blue bands at 3550, 3883 and 4216 A and the C 2 Swan bands at 4383 and 4735 A. The third important criterion was the violet opacity near 4200{4380 A. Shane has presented a qualitative criterion, which has been good for visual classi cation, but is insu cient for recorded spectra.
ONE-DIMENSIONAL CLASSIFICATION OF CARBON STARS
Shane has used the blue spectral region, therefore we modify his criteria for the yellow-red spectral region and propose the following criteria:
(1) spectrophotometric gradient in the region 5700{6800 A, (2) intensities of the C 2 bands at 5165 and 5635 A, (3) intensities of the CN red bands at 5730, 6206, 6632, 6478 and 6631 A, (4) intensity of the Na I doublet blend at 5890{5896 A, (5) ratios of the CN bands: 6206/6332 Aand 6478/6631 A. Since the rst three criteria are similar to the criteria of Shane, only adjusted to the yellow-red spectral region, we will describe them only brie y. Figures 1{3 show t h e v ariations of these spectral indices in the standard stars of di erent R{N subclasses from the Shane (1928) list, adjusted to their classes given by Sanford (1944) , Vandervoort(1958) and Hardorp et al. (1973) . For every spectral subclass the average values of spectral indices were obtained and plotted. If the dispersion of points was large, the average values were marked by asterisks.
The spectrophotometric indices of the Swan bands at C 2 5165 and 5635 A allow one to classify carbon stars from R0 to R5 and to identify the R6{N6 stars. The intensities of bands reach the minimum at N0 subclass and after that the intensity of the 5635 A band uctuates around a value of 0.3 (see Figure 1 ). The intensity of the red CN bands (for example, CN(6,1) at 5730 A) increases from R0 to R6. From R6 to N1 it becomes constant, then rises to a maximum at N3{N5. In later N subclasses the intensity of CN goes down again. These indices allow one to classify R0{R5 and to identify N3{N5 subclasses (see Figure 2) .
The intensity of the sodium doublet blend at 5890{5896 A (Figure 3 ) in early R subclasses is low and constant. It starts to increase at R4. As the dispersion of intensities is great, this index makes it possible only to separate the stars of R0{R3 subclasses from the later ones. It is useless for faint carbon stars with strong interstellar sodium lines.
The spectrophotometric gradient 6800{5700] allows one to classify unreddened carbon stars from R0 to R3 and to select late carbon and spectral subclasses for the standard carbon stars. stars (N7{N8), which h a ve the highest value of the gradient. In subclasses N1{N5 the gradient is constant ( s e e F i g u r e 4 ) . This criterion is not applicable to faint carbon stars with heavy interstellar reddening.
It is evident that the described criteria are not su cient t o c l a ssify the spectra of faint carbon stars in the yellow-red spectral region. Therefore, we decided to look for additional criteria.
The ratios of di erent C 2 bands within the R{N sequence change chaotically. The ratios of CN red bands seem to be more promising. For example, the ratio of the CN bands (4,0) and (5,1) at 6206 A and 6332 A increases from R0 to N8 ( Figure 5 ). Here we plot the data for the stars which are common between our list and Shane (1928) , Vandervort (1958) and Sanford (1944) . This correlation allows one to classify carbon stars in a wide spectral range { from R t o N w i t h an accuracy of 2 subclasses. In order to increase the classi cation accuracy, we have used other ratio of the red CN bands: the (6,2) band at 6478 A and the (7,3) band at 6631 A. The sequence is given in Figure 6 . It is important that both ratios of CN bands show a good correlation with the temperature determined by Mendoza & Johnson (1965) by infrared photometry (Figure 7 ). Only some stars (such as T Lyr) are out of the sequence. It is improbable that this deviation is the result of a mistake o r of spectral variability. The shift to the right in Figure 7 can bethe result of heavy circumstellar or interstellar reddening. The reddening should considerably a ect color indices used by Mendoza and Johnson for the temperature determination. The reddening e ect on the ratios of CN bands should be much smaller because the bands are rather close to each other. This e ect is expected to be most important for faint stars near the Galactic plane.
ONE-DIMENSIONAL CLASSIFICATION OF FAINT CARBON STARS
For classi cation by the described scheme we selected 187 stars in Cassiopeia, Cygnus, Perseus and other regions listed in Table 1 . Many of these stars were discovered as carbon stars at the Baldone Observatory. The 1st column gives a CGCS numberfrom the Gen- eral Catalogue of Galactic Carbon Stars (Alksnis et al. 2001 ) The 2nd to 7th columns contain the values of indices of the C 2 band at 5635 A, the CN band at 5730 A, the Na I doublet blend at 5890-96 A, the spectrophotometric gradient 5700{6800] and the ratios of intensities of CN bands 6206/6332 (r1) and 6478/6631 (r2). The 8th column presents the spectral class which is the weighted mean value from determinations using the six indices. The name of the star is given in 9th column of the table. Remarks are in the last column, and it contains other names of stars, the numerals show how many seasons the star has beenobserved, spectral classes are given if observations in di erent nights or seasons give contrary results.
The indices are determined as follows: 5. SODIUM DOUBLET The strongest atomic line in the spectra of carbon stars in the yellow-red spectral region is the sodium doublet. It is a good temperature criterium from R0 to R4 subclasses (see Fig. 4 ). For the later stars the behavior of intensity of the sodium blend is more chaotic. One of the reasons is the interstellar sodium lines that blend the stellar line in the spectra of faint stars. On the other hand, there are many so-called sodium carbon stars with Na] 1.0. Carbon stars are proposed to be divided into four groups characterized by indices from 0 to 3. Their quantitative description is given in Table 2 .
13 CN ISOTOPIC BANDS
We have obtained also the spectra of some stars with strong isotopic CN bands, the so-called J stars, selected from the lists of Bouigue (1954) , Gordon (1971) and Yamashita (1972 Yamashita ( , 1975 . The isotopic bands 13 CN of (6,1) at 5790 A and 13 CN of (4,0) at 6260 A in the Byurakan spectra are blended with the basic bands of 12 CN at 5730 A and 6206 A , respectively. The widths of these two blends show the intensity of the isotopic bands. If the blended 12 CN and 13 CN bands have the same intensity or the red side of the blends is stronger (Fig. 8) , we classify the star as J and add this symbolat spectral class of the star in Table 2 . The colon after J is used if the rst and the second blend give contrary results. Table 2 . Na] indices and intensities of the sodium doublet. 7. CONCLUSIONS Medium resolution spectra of carbon stars in the yellow-red spectral region cannot beclassi ed using the Shane (1928) criteria only. Therefore, we h a ve added two ratios of the CN bands: the (4,0) band at 6206 A to the (5,1) band at 6332 A and the (6,2) band at 6478 A to the (7,3) band at 6631 A . W e obtain a classi cation precision of 2 subclasses in the whole range covered by R and N spectral types. The classi cation results are presented for 187 carbon stars. 
